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(54) Display screen and apparatus 

(57) A display screen includes a screen base (2, 4) 
having a front side, a rear side, and an array of bores 
(21 , 41 ) that extend from the rear side to the front side. 
Each of the bores (21 , 41 ) tapers in a direction from the 
rear side to the front side. Light that enters the bores 



(21 , 41) from the rear side of the screen base (2, 4) is 
subjected to multiple total internal reflections as the ligTit 
propagates along the bores (21, 41) prior to exiting at 
the front side of the screen base (2, 4). A display appa- 
ratus that incorporates the display screen is also dis- 
closed. 
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Description 

[0001 ] The invention relates to a display screen , more 
particularly to a display screen which can be used to 
show high quality and high resolution images that are 
not adversely influenced by ambient light, and to a dis- 
play apparatus which incorporates the aforesaid display 
screen. 

[0002] A first type of a conventional display apparatus 
incorporates a projection display screen for showing im- 
ages thereon. The image quality is generally influenced 
by the structure of the projection display screen. Prop- 
erties that are commonly used to define the quality of 
an image shown on a projection display screen include 
contrast, brightness, color, and resolution. Contrast is 
the difference in brightness between the lightest and 
darkest areas in an image. When the contrast is large, 
details of the image can be seen more clearly. The pro- 
jection display screen plays an important role in deter- 
mining the contrast characteristics of a display appara- 
tus. 

[0003] Referring to Figure 1 , a conventional back-pro- 
jection display screen 1 is shown to comprise a Fresnel 
lens 11 , a lenticular lens 1 2 and a diffuser 13. The Fres- 
nel lens 11 is usually disposed in front of a light source 
and optical components of the display apparatus, and 
has a rear surface formed with stepped setbacks and a 
rounded center so as to possess the optical properties 
of a much thicker lens. The Fresnel lens 1 1 enables light 
rays to be radiated directly toward the viewer. The len- 
ticular lens 12 is disposed immediately in front of the 
Fresnel lens 11 , and has a rear surface formed with con- 
vex protrusions for refracting light rays, thereby control- 
ling the angle of unidirectional light divergence, and thus 
the light-viewing angle. The diffuser 13 is disposed im- 
mediately in front of the lenticular lens 12 and is made 
of a semi-transparent material. The diffuser 1 3 diverges 
straight light rays to attain a large light-viewing angle. 
[0004] As such, light impinging upon the rear side of 
the projection display screen 1 is refracted by the Fres- 
nel lens 1 1 in orderto obtain forwardly extending parallel 
light rays. After passing through the Fresnel lens 11 , the 
light rays are subsequently refracted by the lenticular 
lens 12 so as to obtain forwardly diverging light rays, 
which are further scattered by the diffuser 13 to achieve 
an optimum light-viewing angle. 

[0005] Some of the drawbacks of the aforesaid con- 
ventional back-projection display screen 1 are as fol- 
lows: 

1 . The light rays are subjected to multiple refraction 
and reflection and travel different paths while pass- 
ing through the three layers of the projection display 
screen 1 . During the scattering phase of the light 
rays, the light rays will interfere with each other, 
thereby resulting in a speckle effect and in a moire 
effect that degrade the quality of the image viewed 
on the projection display screen 1 . Particularly, the 



speckle effect will give a granular appearance to the 
image on the projection display screen 1 , whereas 
the moir6 effect will result in a new set of periodic 
patterns at intersections of two or more original sets 
5 of periodic patterns of the image. 

2. In the conventional projection display screen 1 , 
light intensity is brightest at the central portion, and 
is gradually diminished in directions toward the out- 
er periphery of the projection display screen 1 . This 

10 phenomenon arises due to the fact that, because 
the light rays that reach the outer periphery of the 
projection display screen 1 are inclined, the effec- 
tive intensity of the light rays thereat is accordingly 
smaller. This phenomenon, which is characterized 

is by the cosine e attenuation of the light intensity dis- 
tribution, results in an image with uneven brightness 
throughout the conventional projection display 
screen 1 . 

3. Ambient light that is incident on the front side of 
20 the conventional projection display screen 1 will be 

reflected and will adversely affect the contrast of the 
image shown thereon. In other words, the contrast 
of the image viewed on the conventional projection 
display screen 1 is adversely influenced by ambient 
25 light conditions. 

4. The conventional projection display screen 1 in- 
cludes three layers having different characteristics 
and configurations. In addition, the interfaces 
among the three layers must be carefully designed 

30 to ensure a particular path for the light rays that pass 
through the projection display screen 1. The con- 
ventional projection display screen 1 is thus difficult 
and expensive to manufacture. 

35 [0006] Referring to Figures 2 and 3, a second type of 
a conventional display apparatus (1a) is shown to in- 
clude a screen base (11 a) and a plurality of light emitting 
diodes (13a) disposed on a display side (12a) of the 
screen base (11a). The light emitting diodes (13a) are 

40 semiconductor diodes that emit light when an input volt- 
age is applied thereto. By varying the materials used in 
fabricating the light emitting diodes (13a), the light emit- 
ting diodes (13a) can be configured to emit different 
colors of light. Presently, light emitting diodes (13a) that 
emit primary colors, i.e. red, green and blue, are widely 
available in the market. 

[0007] In the conventional display apparatus (1a) of 
Figures 2 and 3, every three adjacent ones of the light 
emitting diodes (13a) emit red, green and blue primary- 
50 color light, respectively. The light emitting diodes (13a) 
thus form densely arranged pixels on the display side 
(1 2a) of the screen base (11a). 

[0008] By selectively activating and deactivating the 
light emitting diodes (1 3a) , patterns ortext can be shown 
55 on the screen base (11a). However, because each pixel 
on the display side (12a) of the screen base (11a) is 
formed from a cluster of three light emitting diodes (13a), 
the color, resolution and quality of the image shown on 
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the display side (12a) are relatively poor. 
[0009] In addition, the brightness of the image shown 
on the display side (12a) is determined solely by the 
characteristics of the light emitting diodes (1 3a) and can 
hardly be adjusted. Moreover, the angle of view of the 
conventional display apparatus (1a) cannot be control- 
led. Particularly, when the conventional display appara- 
tus (1a) is to be installed at a relatively high or relatively 
low height with respect to the line of sight of the viewer, 
the angle of view of the conventional display apparatus 
(1 a) will be too high or too low, thereby adversely affect- 
ing the quality of the image shown on the display appa- 
ratus (1a). 

[0010] Therefore, one object of the present invention 
is to provide a display screen which can be used to show 
high quality and high resolution images that are not ad- 
versely influenced by ambient light. 
[0011] Another object of the present invention is to 
provide a display screen which is relatively easy and 
less costly to manufacture. 

[0012] Still another object of the present invention is 
to provide a display apparatus in which light from a plu- 
rality of light emitting diodes can be mixed by a display 
screen thereof to form a plurality of point-light sources 
so as to achieve optimum image resolution. 
[0013] A further object of the present invention is to 
provide a display apparatus in which the brightness of 
point-light sources and the angle of view can be control- 
led. 

[0014] According to one aspect of the present inven- 
tion, a display screen comprises: 

a screen base having a front side, a rear side, and 
an array of bores that extend from the rear side to 
the front side, each of the bores tapering in a direc- 
tion from the rear side to the front side; and 
reflecting means, disposed in the bores, for subject- 
ing light that enters that extend from the rear side 
of the screen base to multiple total internal reflec- 
tions as the light propagates along the bores prior 
to exiting at the front side of the screen base. 

[0015] According to another aspect of the present in- 
vention, a display apparatus comprises the aforesaid 
display screen, and a plurality of light sources, each of 
which is disposed adjacent to the rear side of the screen 
base and corresponds to a respective one of the bores. 
Each of the light sources includes at least two light emit- 
ting diodes that emit light of different colors. The light 
emitted by the light emitting diodes of each of the light 
sources propagate along the respective one of the 
bores. 

[0016] Other features and advantages of the present 
invention will become apparent in the following detailed 
description of the preferred embodiments with reference 
to the accompanying drawings, of which: 

Figure 1 is a schematic sectional view of a conven- 
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tional back-projection display screen; 
Figure 2 is a perspective view of a conventional dis- 
play apparatus; 

Figure 3 is a fragmentary schematic view of thecon- 
5 ventional display apparatus of Figure 2; 

Figure 4 is a fragmentary exploded perspective 
view of the first preferred embodiment of a display 
screen according to this invention; 
Figure 5 is a schematic fragmentary sectional view 
io of the display screen of the first preferred embodi- 
ment; 

Figure 6 is a schematic fragmentary sectional view 
of the second preferred embodiment of a display 
screen according to this invention; 

15 Figure 7 is a schematic fragmentary sectional view 
of the third preferred embodiment of a display 
screen according to this invention; 
Figure 8 is a fragmentary exploded partly sectional 
schematic side view of a preferred embodiment of 

20 a display apparatus according to this invention; 

Figure 9 is an exploded perspective view showing 
a taper rod and a light source of the display appa- 
ratus of Figure 8; 

Figure 10 is a schematic front view of the display 
25 apparatus of Figure 8; 

Figure 11 is a schematic front view of another pre- 
ferred embodiment of a display apparatus accord- 
ing to this invention; and 

Figure 1 2 is a schematic fragmentary sectional view 
30 of yet another preferred embodiment of a display 
apparatus according to this invention. 

[0017] Referring to Figures 4 and 5, the first preferred 
embodiment of a display screen according to this inven- 
ts tion is shown to comprise a screen base 2 and a light- 
guiding medium 3. 

[0018] The screen base 2 has a front side, a rear side, 
and an array of bores 21 that extend from the rear side 
to the front side. Each of the bores 21 tapers in a direc- 

40 tion from the rear side to the front side, and has a square 
cross-section. The front side of the screen base 2 is fur- 
ther provided with a black coating 24 for absorbing am- 
bient light. In an alternative embodiment, the screen 
base 2 is made from black light-absorbing material so 

45 as to achieve the same effect. 

[0019] In this embodiment, the light-guiding medium 
3 is made of a light-transmitting transparent or semi- 
transparent material having a predetermined refractive 
index, and includes an array of taper rods 31 . Each of 

so the taper rods 31 is inserted into a respective one of the 
bores 21 from the rear side of the screen base 2. Each 
of the taper rods 31 has a front end portion 32 and a 
rear end portion 33, and tapers in a direction from the 
rear end portion 33 to the front end portion 32. Each of 

55 the taper rods 31 has a square cross-section to comple- 
ment the respective one of the bores 21 . Preferably, the 
rear end portions 33 of the taper rods 31 are intercon- 
nected and are disposed outwardly of the respective 
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bores 21 . The front end portions 32 of the taper rods 31 
do not extend outwardly of the respective bores 21 . In 
this embodiment, each of the taper rods 31 has an outer 
wall surface, i.e. the four lateral walls, provided with a 
metal coating to result in a light-reflective layer 34 at the 5 
interface of each taper rod 31 and the respective bore 
21. When light is projected from the rear side of the 
screen base 2, the light enters the light-guiding medium 
3 at the rear end portions 33 of the taper rods 31 . Due 
to the light-reflective layer 34 on the outer wall surfaces io 
of the taper rods 31 , light is subjected to multiple total 
internal reflections as it propagates along the taper rods 
31 . The light exits the taper rods 31 at the front end por- 
tions 32 of the latter to result in an image that can be 
viewed from the front side of the screen base 2. is 
[0020] In one alternative embodiment, instead of pro- 
viding the outer wall surfaces of the taper rods 31 with 
the metal coating that serves as the light- reflective layer 
34, the metal coating can be provided on the inner wall 
surfaces of the bores 21 to achieve the same result. 20 
[0021] In another alternative embodiment, instead of 
providing either of the outer wall surfaces of the taper 
rods 31 and the inner wall surfaces of the bores 21 with 
the metal coating, the light-reflective layer 34 can be 
formed as a filler layer between each of the taper rods 25 
31 and the respective one of the bores 21 . The filler layer 
has a refractive index smallerthan that of the light-trans- 
mitting material used to form the light-guiding medium 
3, thereby enabling light that propagates along the taper 
rods 31 to be subjected to multiple total internal reflec- 30 
tions. Total internal reflection is a condition in that, when 
Snell laws of refraction are not satisfied, light that prop- 
agates in a medium of high -velocity will be totally reflect- 
ed at a boundary of the high-velocity medium and a low- 
velocity medium. In other words, when light in a medium 35 
with a higher refractive index reaches a medium with a 
lower refractive index, if the incident angle is greater 
than a critical angle, the light will be completely reflected 
back into the medium with the higher refractive index. 
For example, in the aforesaid alternative embodiment, *o 
air can be present between each of the taper rods 31 
and the respective one of the bores 21 to serve as the 
filler layer. The light-transmitting material for making the 
light-guiding medium 3 is then selected to have an ap- 
propriate refractive index for ensuring total internal re- 45 
flection at the boundary of the filler layer and the respec- 
tive taper rod 31 . 

[0022] As to the cross -sections of the bores 21 and 
the taper rods 31 , it should be apparent to those skilled 
in the art that it is not intended to limit the same to a so 
square. Other shapes, such as a circle, an oval or a rec- 
tangle, are available for use. 

[0023] Referring to Figure 6, the second preferred 
embodiment of a display screen according to this inven- 
tion is shown to comprise a screen base 4 having a front 55 
side, a rear side, and an array of bores 41 that extend 
from the rear side to the front side. Each of the bores 41 
tapers in a direction from the rear side to the front side, 



and has a predetermined cross-section, such as a 
square, circle, oval or a rectangle. Each of the bores 41 
has an inner wall surface provided with a metal coating 
that serves as a light-reflective layer 43. Like the previ- 
ous embodiment, the front side of the screen base 4 is 
provided with a black coating 44 for absorbing ambient 
light. Alternatively, the screen base 4 can be made from 
black light-absorbing material to achieve the same ef- 
fect. 

[0024] When light is projected from the rear side of 
the screen base 4, the light enters the bores 41 and is 
subjected to multiple total internal reflections as it prop- 
agates along the bores 41 due to the presence of the 
light-reflective layer 43 oh the inner wall surface of each 
of the bores 41 . The light exits the screen base 4 to result 
in an image that can be viewed from the front side of the 
screen base 4. 

[0025] Referring to Figure 7, the third preferred em- 
bodiment of a display screen according to this invention 
is shown to comprise a screen base 5, a rear cover plate 
6, a front cover plate 7, and a light-guiding medium 8. 
[0026] The screen base 5 has a front side, a rear side, 
and an array of bores 51 that extend from the rear side 
to the front side. Each of the bores 51 tapers in a direc- 
tion from the rear side to the front side, and has a pre- 
determined cross-section, such as a square, circle, oval 
or a rectangle. Like the previous embodiments, the front 
side of the screen base 5 is provided with a black coating 
53 for absorbing ambient light. 

[0027] Each of the front and rear cover plates 7, 6 is 
a transparent plate that covers sealingly a respective 
one of the front and rear sides of the screen base 5, 
thereby covering front and rear ends of the bores 51 . 
[0028] In this embodiment, the light-guiding medium 
8 fills each of the bores 51 and is made of a material 
with a refractive index larger than that of the material 
used for making the screen base 5 to allow multiple total 
internal reflections inside the bores 51. Particularly, 
when light enters the bores 51 via the rear cover plate 
6, the light is subjected to multiple total internal reflec- 
tions as it propagates along the bores 51 . The light exits 
the screen base 5 to result in an image that can be 
viewed from the front cover plate 7. 
[0029] Some of the advantages that can be attributed 
to the above-described display screen are as follows: 

1 . The brightness and the angle of view can be flex- 
ibly designed by varying the shape, size and density 
of the bores in the screen base. 

2. Because light is subjected to multiple total inter- 
nal reflections as it propagates along the bores in 
the screen base, random phase and random polar- 
ization occur to minimize the presence of speckle 
effect. In addition, because each pixel position of 
the screen can be configured to include a number 
of the bores, the occurrence of moire effect can be 
minimized as well. 

3. The sizes of the bores in the screen base can be 
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varied throughout the display screen, such as by re- 
ducing the sizes of the bores from the central por- 
tion to the outer periphery of the projection screen, 
to provide compensation to the cosine 9 attenuation 
of the light intensity distribution, thereby maintain- 
ing even brightness of an image throughout the dis- 
play screen. 

4. Because ambient light can be absorbed at the 
front side of the screen base, the contrast of the im- 
age viewed on the display screen can be increased. 

5. The display screen of this invention has a rela- 
tively simple construction that permits manufactur- 
ing of the same at a relatively low cost. 

[0030] Referring now to Figures 8 and 9, a preferred 
embodiment of a display apparatus according to this in- 
vention is shown to comprise a display screen and a plu- 
rality of Jight sources 300. The display screen is gener- 
ally similar to that shown in Figures 4 and 5, and includes 
a screen base 400 and a light-guiding medium 200. 
[0031] The screen base 400 has a front side, a rear 
side, and an array of bores 41 0 that extend from the rear 
side to the front side. Each of the bores 41 0 tapers in a 
direction from the rear side to the front side, and has a 
square cross-section. The front side of the screen base 
400 is further provided with a black coating for absorbing 
ambient light. In an alternative embodiment, the screen 
base 400 is made from black light-absorbing material so 
as to achieve the same effect. 

[0032] The light-guiding medium 200 is made of a 
light-transmitting transparent or semi-transparent mate- 
rial having a predetermined refractive index, such as 
glass, and includes an array of solid taper rods 220. 
Each of the taper rods 220 is inserted into a respective 
one of the bores 410 from the rear side of the screen 
base 400. Each of the taper rods 220 has a front end 
portion 222 and a rear end portion 221, and tapers in a 
direction from the rear end portion 221 to the front end 
portion 222. Each of the taper rods 220 has a square 
cross-section to complement the respective one of the 
bores 410. In this embodiment, each of the taper rods 
220 has an outer wall surface, i.e. the four lateral walls, 
provided with a metal coating to result in a light-reflec- 
tive layer 223 at the interface of each taper rod 220 and 
the respective bore 41 0. 

[0033] The light-guiding medium 200 is formed inte- 
grally with a base plate 210 having a front end face 21 1 
and a rear end face 212. The rear end portions 221 of 
the taper rods 220 are connected integrally to the front 
end face 21 1 of the base plate 21 0. 
[0034] Each of the light sources 300 is mounted on 
the base plate 210 such that the light radiated by the 
former can enter the rear end portions 221 of the taper 
rods 220. In this embodiment, each of the light sources 
300 includes a first light emitting diode 31 0 for generat- 
ing red light, a second light emitting diode 320 for gen- 
erating blue light, and a third light emitting diode for gen- 
erating green light. In the display apparatus of this in- 



vention, each of the light sources 300 is associated with 
a respective one of the taper rods 220 and forms a pixel 
of an image to be shown on the display screen. It should 
be apparent to one skilled in the art that the number of 
s diodes that form each of the light sources 300 should 
not be limited to three, and can be as small as two and 
greater than three. 

[0035] In use, as the light from the light-emitting di- 
odes 310, 320, 330 enter the rear end portions 221 of 
the taper rods 220, due to the light-reflective layer 223 
on the outer wall surfaces of the taper rods 220, the light 
are subjected to multiple total internal reflections as they 
propagate along the taper rods 220 and exit at the front 
end portions 222 of the taper rods 220. Thus, the taper 
rods 220 act as rod integrators that evenly mix the light 
from the diodes 310, 320, 330 to result in point-light 
sources radiating at the front end portions 222 of the 
taper rods 220. In other words, the mixture of the light 
from the diodes 31 0, 320, 330 is visible from the display 
apparatus of this invention, and not the individual diode 
outputs. The resolution of an image shown on the dis- 
play apparatus of this invention is accordingly en- 
hanced. In addition, because the area at the front end 
portions 222 of the taper rods 220 is smaller than that 
at the rear end portions 221 , light exits from the taper 
rods 220 with a relatively high brightness. Therefore, in 
the display apparatus of the present invention, by vary- 
ing the ratio of the areas at the front and rear end por- 
tions 222, 221 of the taper rods 220, the brightness of 
the display apparatus can be controlled. 
[0036] Aside from brightness control, the area at the 
front end portions 222 of the taper rods 220 can also be 
used to control the angle of view. With further reference 
to Figure 10, when the front end portions of the taper 
rods 220 of the light-guiding medium 200 have a square 
area, the angle of view remains substantially the same 
when viewed from the top, bottom, left or right sides. 
Referring to Figure 1 1 , in another preferred embodiment 
of a display apparatus according to this invention, the 
front end portions of the taper rods 220' of the light-guid- 
ing medium 200' have a rectangular area with a length 
in the horizontal direction such that the angle of view is 
larger when viewed from the top or bottom sides than 
that when viewed from the left or right sides . Accord- 
ingly, when the front end portions of the taper rods of 
the light-guiding medium have a rectangular area with 
a length in the vertical direction, the angle of view will 
be larger when viewed from the left or right sides than 
that when viewed from the top or bottom sides . The ar- 
ea at the front end portions of the taper rods can be var- 
ied to have other shapes, such as a circle or an oval, for 
controlling the angle of view of the display apparatus. 
[0037] Like the display screen of Figures 4 and 5, in- 
stead of providing the outer wall surfaces of the taper 
rods with the metal coating that serves as the light-re- 
flective layer, the metal coating can be provided on the 
inner wall surfaces of the bores to achieve the same re- 
sult. Moreover, instead of providing either of the outer 
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wall surfaces of the taper rods and the inner wall surfac- 
es of the bores with the metal coating, the light-reflective 
layer can be formed as a filler layer between each of the 
taper rods and the respective one of the bores. The filler 
layer has a refractive index smaller than that of the light- 5 
transmitting material used to form the light-guiding me- 
dium, thereby enabling light that propagates along the 
taper rods to be subjected to multiple total internal re- 
flections. 

[0038] Referring to Figure 12, yet another preferred 10 
embodiment of a display apparatus according to this in- 2. 
vention is shown to comprise a display screen that in- 
cludes a screen base 500 having a front side 521 , a rear 
side 520, and an array of bores 530 that extend from the 
rear side 520 to the front side 521 . Each of the bores 15 
530 has a front end portion 531 and a rear end portion 3. 

532, and tapers in a direction from the rear side 520 to 
the front side 521 of the screen base 500. Each of the 
bores 530 further has an inner wall surface provided with 

a metal coating that serves as a light- reflective layer 20 

533. Like the embodiment of Figure 8, the front side 521 

of the screen base 500 is provided with a black coating 4. 
for absorbing ambient light. Alternatively, the screen 
base 500 can be made from black light-absorbing ma- 
terial to achieve the same effect. 25 
[0039] A base plate 510 is formed integrally on the 
rear side 520 of the screen base 500. The display ap- 
paratus of this embodiment further includes a plurality 
of light sources 300 similar to those of the embodiment 
of Figure 8. Each of the light sources 300 is mounted on 30 
the base plate 510 such that the light radiated by the 
former can enter the rear end portions 532 of the bores 5 
530. 

[0040] In use, as the light from the light sources 300 

enter the rear end portions 532 of the bores 530, due to 35 

the light-reflective layer 533 on the inner wall surfaces 

of the bores 530, the light are subjected to multiple total 

internal reflections as they propagate along the bores 6. 

530 and exit at the front end portions 531 of the bores 

530. Thus, the bores 530 act as hollow pipe integrators 40 

that evenly mix the light from the diodes that form the 

light sources 300 to result in point-light sources radiating 

at the front end portions 531 of the bores 530. 7. 

[0041] Like the embodiment of Figure 8, the area at 

the front end portions 531 of the bores 530 should not 45 

be limited to a square in shape. Other shapes, such as 

a circle, an oval or a rectangle, can be used to control 

the brightness and angle of view of the display appara- 8. 

tus. 

50 

Claims 

1 . A display screen , characterized by: 

55 

a screen base (2, 4) having a front side, a rear 

side, and an array of bores (21 , 41 ) that extend 9. 

from said rear side to said front side, each of 



said bores (21 , 41) tapering in a direction from 
said rear side to said front side; and 
reflecting means, disposed in said bores (21 , 
41), for subjecting light that enters said bores 
(21,41) from said rear side of said screen base 
(2, 4) to multiple total internal reflections as the 
light propagates along said bores (21 , 41) prior 
to exiting at said front side of said screen base 
(2, 4). 

The display screen as claimed in Claim 1 , charac- 
terized in that said front side of said screen base 
(2, 4) is provided with a black coating (24, 44) for 
absorbing ambient light. 

The display screen as claimed in Claim 1 , charac- 
terized in that said screen base (2, 4) is made from 
black light-absorbing material so as to permit ab- 
sorption of ambient light at said front side of said 
screen base (2,4). 

The display screen as claimed in Claim 1 , charac- 
terized in that said reflecting means comprises an 
array of taper rods (31 ), each of which is made of a 
light-transmitting material and is inserted into a re- 
spective one of said bores (21) from said rear side 
of said screen base (2), each of said taper rods (31 ) 
having a front end portion (32) and a rear end por- 
tion (33), and tapering in a direction from said rear 
end portion (33) to said front end portion (32). 

The display screen as claimed in Claim 4, further 
characterized in that said reflecting means com- 
prises a light-reflective layer (34) provided between 
each of said taper rods (31 ) and the respective one 
of said bores (21). 

The display screen as claimed in Claim 5 : further 
characterized in that said light- reflective layer (34) 
is a metal coating provided on an outer wall surface 
of each of said taper rods (31). 

The display screen as claimed in Claim 5. further 
characterized in that said light-reflective layer is a 
metal coating provided on an Inner wall surface of 
each of said bores (21). 

The display screen as claimed in Claim 4. further 
characterized in that said light-transmitting mate- 
rial has a first refractive index, said reflecting means 
further comprising a filler layer that is provided be- 
tween each of said taper rods (31) and the respec- 
tive one of said bores (21) and that has a second 
refractive index smaller than the first refractive in- 
dex. 

The display screen as claimed in Claim 8 : further 
characterized in that said filler layer is air. 
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10. The display screen as claimed in Claim 1 , charac- 
terized in that said reflecting means comprises a 
metal coating provided on an inner wall surface of 
each of said bores (41 ) to serve as a light-reflective 
layer (43). s 



(520) of said screen base (500), said light sources 
(300) being mounted on said base plate (510). 



11. The display screen as claimed in Claim 1, further 
characterized by transparent front and rear cover 
plates (7, 6) that cover sealingly a respective one 
of said front and rear sides of said screen base (5) 10 
to cover front and rear ends of said bores (51). 



12. The display screen as claimed in Claim 11 , charac- 
terized in that said screen base (5) is made of a 
material with a first refractive index, and said reflect- *5 
ing means comprises a light-guiding medium (8) 
that fills each of said bores (51 ) and that has a sec- 
ond refractive index larger than the first refractive 
index. 

20 

13. A display apparatus characterized by a display 
screen according to Claim 1 , and a plurality of light 
sources (300), each of which is disposed adjacent 
to said rear side of said screen base (400, 500) and 
corresponds to a respective one of said bores (41 0, 25 
530), each of said light sources (300) including at 
least two light emitting diodes (310, 320, 330) that 
emit light of different colors, the light emitted by said 
light emitting diodes (31 0, 320, 330) of each of said 
light sources (300) propagating along the respec- 30 
tive one of said bores (410, 530). 



1 4. The display apparatus as claimed in Claim 1 3, char- 
acterized in that said reflecting means comprises 
an array of taper rods (220), each of which is made 35 
of a light-transmitting material and is inserted into a 
respective one of said bores (410) from said rear 
side of said screen base (400), each of said taper 
rods (220) having a front end portion (222) and a 
rear end portion (221), and tapering in a direction 40 
from said rear end portion (221) to said front end 
portion (222). 



15. The display apparatus as claimed in Claim 14, fur- 
ther characterized by a base plate (21 0) having a 45 
front side connected integrally to said rear end por- 
tions (221 ) of said taper rods (220), said light sourc- 
es (300) being mounted on said base plate (210). 



16. The display apparatus as claimed in Claim 13, char- so 
acterized in that said reflecting means comprises 

a metal coating provided on an inner wall surface 
of each of said bores (530) to serve as a light-re- 
flective layer (533). 

55 

17. The display apparatus as claimed in Claim 16, fur- 
ther characterized by a base plate (510) having a 
front side connected integrally to said rear side 
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